Mink (Mustela vison) that had been raised on a farm were abruptly changed from ambient light at 42 ~ N latitude to an artificial light regimen corresponding to 45 ~ S latitude. The study was continued for 3 years and included three generations of mink. Animals were raised in a light-controlled room with partial temperaature control that kept the temperatures between -3 and 26 C. Light schedules were changed weekly to correspond with changing day length. After an initial transition period of 9 months, the mink adapted so that their furring and reproductive cycles were in phase with the altered light regimen. Normal reproductive performance was observed in some males and females. However, the low percentage of both males and females that performed adequately makes the procedure economically unfeasible at this stage of our knowledge and experience. Possible causes of poor reproductive performance were: imprinting of previous light schedules on the animals, relatively high temperatures during breeding and improper light frequencies from artificial illumination.
Introduction
The commercial raising of mink is usually conducted outdoors in open-sided sheds such
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Furring and reproductive cycles have been accelerated or retarded experimentally (Holcomb et al., 1962; Aulerich et al., 1963; Duby and Travis, 1972) . However, to date, it is impractical to continue any alteration of the photoperiod through more than one phase of the mink's life cycle. Advantages of raising mink on several different light cycles, so that their fur becomes prime and they reproduce at different times, include more efficient use of manpower, facilities and feed supplies and a more even cash flow and marketing schedule. As husbandry becomes more intensive and more sophisticated, it is quite possible that mink will be raised in environmentally-controlled sheds.
The purpose of this study was to determine the feasibility of raising mink on an artificial light schedule in which the life cycle was altered to be 6 months out of phase with that of mink raised on natural light in northern latitudes.
Materials and Methods
The study was begun on December 21, 1972, and continued for 3 years. Mink were changed from ambient light at 42 ~ N latitude to a light schedule corresponding to sunrise and sunset at 45 ~ S latitude, plus an additional 15 min of artificial light each morning and evening to simulate dawn and dusk. Thus, their light schedule was abruptly changed from that of the shortest day of the year to that of the longest day. Animals were housed in a light-and partially temperature-controlled room equipped with ventilation, hot air heat and air conditioning. Vulval swelling was scored biweekly before estrus (August and September) on a scale of 0 to 3 as described by Travis et al. (1978) , and testis size was estimated by the method of Duby and Travis (1972) . Fur development was scored on a scale of 0 to 20 as described by Bassett and Llewellyn (1949) . Animals were weighed every 4 weeks, except during breeding and gestation periods; weights were normal throughout the study. Ammonia readings were taken daily during the first year and intermittently hereafter (ammonia quick test kit, Vineland Laboratories, Vineland, NJ).
Fifty brown-eyed pastel mink started on the study; these included 15 multiparous (adult) and 15 nulliparous (pubertal) females and 10 adult and 10 pubertal males. All adult females had previously weaned normal litters, and the adult males were active breeders whose matings had also produced normal litters.
Animals that started on the study were kept through year 2 (two reproductive cycles), and those that reproduced well were kept through year 3. In addition, 21 female and 19 male kits born during the first year of the study were kept for breeding during year 2. Of the females kept for breeding during year 3, 14 were from the original group of animals. Six were born during year 1 of the study and 11 were born during year 2. Of the males kept for breeding during year 3, seven were from the original group of animals and three were born during year 2. Similar animals raised on the same diet and receiving ambient light and temperature for 42 ~ N latitude were available for comparison.
versed schedule was completed in 9 months (table 1) . At the start of the study (December), the mink had attained their winter coats. According to a light schedule for southern latitudes, they should have attained their summer coats in January and their winter coats in May. They attained their summer coats by about May 15 (4 months late for the reversed schedule) and their winter coats by July 15 (2 months late). By the time the mink should have bred under the schedule for southern latitudes (September), most had adjusted to the reversed light schedule and were in phase with it. Subsequently, they maintained the proper relationship with their light schedule and were 6 months out of phase with a natural light schedule for northern latitudes. Fur growth was normal after the transition period and pelts were sold in commercial channels at normal prices.
Vulval swelling peaked from August 23 to September 11, just before or at the beginning of the breeding season. Most of the females that did not breed were those with little swelling.
Reproductive Performance of Females. To determine the reproductive ability of the females starting the experiment, those which showed poor reproductive performance during year 1 were not culled, as would have been the commercial practice. In year 1, the percentage not mating (27%; table 2) was higher than normal for our herd (1 to 5%), perhaps because of the abrupt change of light cycles. If females 20 had been culled before year 2, all of the secondyear females would have mated.
In year 1, the average number of kits born per litter was 4.6. The number of kits weaned at 6 weeks of age (3.75) was slightly below normal (normal averages for this type of mink are 4.5 to 5.0 kits born and 4.0 to 4.5, kits weaned). Of the seven females that did not mate in year 1, five also did not mate in year 2. It is difficult to evaluate the results for year 3 for mink from the original group, since by this time the original nultiparous females were 4~A years old and the original nulliparous females were 3 89 years old. The normal commercial practice is to cull after three reproductive cycles (at 3 ~A years of age) because of reduced reproductive performance of older females, although exceptional females are kept longer.
Twenty-one pubertal females born from the year 1 matings were carried over for reproduction in year 2 (table 2). Of these, 10 mated and nine whelped, with a litter average of 5.0 kits at weaning. The litter sizes were normal, but the number of mink that mated and whelped were about 50% below normal.
Females born during both year 1 and year 2 were also carried over for reproduction (table 2) in year 3. All six of the females born during year 1 that were carried over mated in year 3; however, only three whelped, with 12 kits present at weaning. Of 11 females born during year 2, seven mated and four whelped, with 20 kits present at weaning. Three females in the breeding herd the third year were of the third generation raised under this regimen. All three females bred, and one weaned a litter of six.
Reproductive Performance of Males. Peak testis sizes for kit and adult breeders was similar for all 3 years. Peak size ranged from 9 x 12 mm to 10 • 14 milimeters. This is slightly smaller than the 14 x 16 mm reported by Kostron and Kukla (1971) , but development was considered normal because motile sperm were found in vaginal smears obtained after mating and normal offspring were produced from the matings. Sizes peaked before or at the onset of breeding in all 3 years and decreased during the breeding season, as in the studies of Lundh (1961) and Onstad (1967) . Development peaked from August 21 to September 6 and was 6 months out of phase with that of control animals, which indicates that the breeders had adapted to the reversed light schedule.
The number of males not breeding was high (60% in year 1, 47% in year 2, and 25% in year
3) compared to the number of nonbreeders among male mink raised under normal conditions (approximately 5%). In year 1, the five nonbreeding adult males and two pubertal males had no testicular swelling. The remaining five nonbreeding pubertal males had enlarged gonads but displayed no mating behavior. A similar pattern of lack of gonad enlargement in nonbreeding adults and lack of testis development in nonbreeding pubertal males was also found in years 2 and 3. Ammonia levels ranged from 3 to 50 ppm throughout this study and averaged 13.8 -+ .4 (SE) ppm (n=209) during the first year. The elevated ammonia levels had no visible adverse effects upon the animals, and the rooms were not uncomfortable to work in.
Possible reasons for the poorer than normal performance include: imprinting of reproductive and furring cycles on the mink in the original group, high temperatures during the breeding season, elevated ammonia levels and unsatisfactory light spectra generated by artificial lights. Bissonnette (1935) has suggested that there may be an inherent rhythm of the anterior hypophysis that is usually affected by the normal light cycles but which is not entirely dependent upon them. Recent light studies with the ferret (Herbert, 1972) and sheep (Rollage et al., 1978) have indicated that the photoperiod does not drive the annual reproductive rhythm but acts as an entraining agent. The poorer reproductive performance of the adult mink might be attributed to this inherent rhythm and to the inability of the altered photoperiod to function as an overriding entraining agent in some of the animals in the original group.
It is also possible that the artificial illumination did not supply sufficient light at the proper spectra to produce optimum reproductive performance. Talj (1967) reported that mink respond favorably to ultraviolet radiation by increasing productivity. Light from the F40D lamp is about 43% lower in ultraviolet light than is natural light (table 3) .
Elevated ammonia levels have been observed to lower reproductive performance (Litlie, 1970) ; however, reproductive performance in mammals was not adversely affected at levels lower than 50 ppm.
High temperature during the reproductive season has been observed to decrease libido and cause lowered reproductive performance in cattle, sheep and swine (Cole and Cupps, 1977) . In this study breeding took place during the warm months (August--September) instead of during the usual period in March. Accurate temperature records were kept during the breeding season in years 1 and 3; temperatures ranged from 20.6 to 21.1 C and 21.1 to 26.7 C, respectively. The percentage of males that bred was lower than normal. However, those that did breed had viable sperm, and the number of kits produced by females that bred appeared to be in the normal range.
While the study can be considered successful in that reproductive performance was achieved over three generations, performance was not as good as that achieved under normal conditions of ambient light and temperature. Optimal reproductive performance under ahered lighting should be possible when more is known of specific effects of environmental conditions.
